Cognitive bias modification (CBM) is an innovative approach to modifying cognitive biases that confer vulnerability to anxiety. CBM interventions are designed to directly modify attention and interpretation biases via repeated practice on cognitive tasks. Analogue studies have demonstrated that CBM affects cognitive biases and anxiety in a number of anxiety conditions. Multisession CBM treatments have shown preliminary efficacy for generalized social phobia and generalized anxiety disorder, with effect sizes comparable to existing treatments. However, with any newly developing field, there are a number of important limitations of the existing data that need to be addressed before making firm conclusions regarding CBM's efficacy for anxiety disorders. This article focuses on the theoretical rationale for CBM and the current evidence from analogue and clinical samples.
Anxiety disorders
Anxiety disorders are the most common type of psychiatric disorder. Recent estimates suggest that approximately 30% of the US population will suffer from an anxiety disorder in their lifetime [1] . In addition to being highly prevalent, anxiety disorders are associated with significant functional impairment. Compared with the general population, individuals with anxiety disorders experience poorer quality of life [2, 3] , educational and occupational impairment [4, 5] and higher suicide rates [6, 7] . Moreover, anxiety disorders place a burden on society through lost work productivity, disability and increased healthcare utilization [8, 9] . Thus, anxiety disorders are a significant public health problem and require effective, acceptable and accessible treatments.
There are a number of efficacious treatments available for anxiety disorders. Pharmacologic treatments, particularly selective serotonin reuptake inhibitors/serotonin-norepinephrine reuptake inhibitors, alleviate anxiety symptoms in the majority of patients. However, effect sizes are small-to-medium, and approximately 40% of patients do not achieve remission with pharmacotherapy [10, 11] . Psychosocial treatments, particularly cognitive-behavioral therapy (CBT), have also demonstrated efficacy. Meta-analyses suggest that CBT alleviates anxiety with medium-to-large effect sizes, depending on the disorder and study characteristics [12, 13] . Although effective treatments exist, many patients with anxiety disorders do not access these treatments for a variety of reasons. For example, untreated individuals with an anxiety disorder report concerns about side effects and not believing in the use of medication for emotional problems [14] . Barriers to accessing CBT include a lack of trained therapists, and therapist and patient unwillingness to engage in exposure therapy [15] , which is a key component of CBT.
Thus, while treatments for anxiety have improved substantially over the past few decades, they leave much room for improvement in their accessibility and magnitude of response. There are a number of mechanisms involved in anxiety disorders that are potential targets for new treatments. After presenting the theoretical and empirical rationale for targeting cognitive biases in treatment, this article focuses on one promising novel treatment for anxiety disorders, cognitive bias modification (CBM). At the time of preparing this article, the author is aware of four excellent reviews that overlap to various degrees with the current review. Please see Bar Haim [16] , Browning et al. [17] and Hakamata et al. [18] for reviews specifically focused on cognitive bias modification for attention (CBM-A). Taylor and Amir review strategic attentional control treatments in addition to CBM-A [19] .
Why target cognitive biases?
Individuals with anxiety disorders tend to selectively process threat-relevant information in their environment. For example, when speaking in a group, a socially anxious individual is likely to attend to threatening facial expressions (e.g., anger and disgust) rather than neutral expressions. That individual may also be more likely to interpret a negative facial expression as indicative of the conversation partner's disgust with the speaker rather than the content of the conversation. As there is usually more information than cognitive resources available to process the information, this habit of selectively attending (attention bias) and interpreting (interpretation bias) creates a vicious cycle in which an ambiguous world is experienced as threatening. Cognitive models of anxiety propose a number of cognitive biases and vulnerabilities that maintain anxiety. However, this article focuses on two primary cognitive biases -that is, attention and interpretation -implicated in anxiety disorders and targeted by CBM.
Attention bias
The term 'attention' can refer to a wide range of cognitive processes. In the informationprocessing field, attention bias usually refers to the tendency to selectively attend to threat stimuli, even when those stimuli are irrelevant to current goals and/or when it is in competition for attention with nonthreat stimuli. Attention bias is often measured with visual stimuli presented very quickly (e.g., 500 ms) in order to tap this initial stage of information processing. Currently, the most commonly used measure of attention bias is the dot probe task, originally developed by MacLeod and colleagues [20] . In one version of the dot probe task (Figure 1) , two stimuli are presented on a computer monitor simultaneously for 500 ms. One of the stimuli is neutral (e.g., the word 'chair'), and one is threat-relevant (e.g., the word 'disease'). Then, the stimuli disappear, and a probe (e.g., the letter 'E' or 'F') appears in the previous location of either the neutral or threat stimulus. Probes replace neutral and threat stimuli with equal frequency. A participant's task is to identify the probe as quickly and accurately as possible by pressing a corresponding button. Biased attention toward threat is inferred from faster reaction times to identify probes replacing threat stimuli compared with neutral stimuli. An overall attention bias score can be calculated from reaction times on the different types of trials.
Bar-Haim's meta-analysis of 172 studies revealed that attention bias and anxiety are reliably associated with an average effect size of Cohen's d (d) = 0.45 (confidence interval [CI]: 0.40-0.49). Anxious individuals exhibit an attention bias across a range of populations (adults and children), stimuli (words and pictures) and stimuli presentation durations (subliminal and supraliminal) [21] . Thus, the association between anxiety and attention bias is a reliable finding in experimental psychopathology research.
Prospective studies have extended this correlational evidence by demonstrating that attention bias is a vulnerability factor for developing anxiety in response to stress. In one study, attention bias at baseline predicted anxiety and dysphoria in participants learning of a cancer test result 8 weeks later [22] . Moreover, attention bias was a stronger predictor of emotional responses than self-report measures of distress at baseline. This effect has been replicated [23] . In addition, a recent study demonstrated that attention bias at baseline predicted salivary cortisol response to laboratory and natural stressors 4 months later better than self-report measures of anxiety and neuroticism [24] . In summary, cognitive models and empirical data from correlational and prospective studies suggest that attention bias plays a significant role in the development and maintenance of anxiety and should be targeted in treatment.
Interpretation bias
Anxiety disorders are also characterized by interpretation bias, the tendency to interpret ambiguous or mildly negative cues in a negative or catastrophic manner. Researchers have developed various self-report and reaction-time measures to assess interpretation. For example, some assess interpretation by comparing participants' reaction time in responding to threat interpretations versus non-threat interpretations of ambiguous text as they are completing a specific task. It is assumed that participants will respond more quickly to interpretations that are consistent with their own immediate, 'online' interpretation. For example, Hirsch and Mathews compared interpretation bias in individuals with high and low interview anxiety [25] . Participants read narrative texts describing interviews that included critical ambiguous sentences on which participants had to make a decision about the final word. The final word resolved the ambiguity in either a positive or negative manner. For example, after reading the incomplete sentences: 'you tell the interviewer your idea and she seems to be … interested,' or 'you wonder if, when you are in the interview, all your preparation will be … forgotten,' participants were asked to indicate as quickly as possible whether the probe word was grammatically correct (Exp 1) or whether it was a real word or not (i.e., lexical decision task, Exp 2). These researchers then compared response latencies to make decisions regarding negative versus positive probe words. In this paradigm and others, anxious individuals exhibit biased interpretation compared with nonanxious individuals [26] [27] [28] [29] [30] .
A number of reviews suggest that interpretation bias is a robust phenomenon associated with anxiety in both children and adults and across a wide range of paradigms (e.g., scenarios, homographs and self-report) and stimuli (words and videos) [31, 32] . Moreover, several prospective studies have demonstrated that negative interpretation of intrusive thoughts at baseline predicts post-traumatic stress disorder and obsessive-compulsive disorder (OCD) symptom severity at follow-up in both children [33] and adults [34] [35] [36] . Thus, similar to attention bias, interpretation bias is an important vulnerability factor that should be targeted in treatment.
Treatments targeting cognitive biases
Given the important role cognitive biases play in anxiety disorders, several treatments have been developed to target these processes. For example, mindfulness-based and attention/ meta-cognitive training approaches teach patients to better control their attention through specific exercises [37, 38] . CBTs target distorted interpretations via cognitive restructuring and behavioral experiments. Indeed, anxious individuals who respond to successful treatments show a significant reduction in attention and interpretation biases, while nonresponders do not [39] [40] [41] [42] .
The aforementioned approaches rely on verbal dialogue and explicit instruction to change cognition. They facilitate strategic control over attention and interpretation. However, cognitive biases are often automatic in nature and not always under volitional control. They can be thought of as habits, and may be more efficiently and directly modified via repeated experiential practice on tasks that require rapid processing. CBM is a novel approach designed to modify cognitive biases in such a manner.
Koster et al. provide an excellent working definition for the emerging field of CBM [43] . They identify two key features of CBM: first, "the direct target of change in each case is a cognitive bias known to characterize a clinical disorder, a clinically relevant symptom, or a personality trait associated with vulnerability to clinical dysfunction"; and second, "the method of manipulating the target cognitive bias has not principally relied on instruction but instead has involved extensive practice on a cognitive task designed to encourage and facilitate the desired cognitive change." Thus, CBM procedures may alter cognitive biases through a more implicit, experiential process compared with the explicit, verbal process of psychotherapy. Although completion of a CBM task is volitional, the processes targeted in the task are not usually considered to operate under volitional control, and participants are not usually aware of the purpose of the CBM task.
Cognitive bias modification -attention
To date, the most commonly used CBM-A task is a modified version of the dot probe task, described previously as a method to assess attention bias. When using the dot probe task to assess attention, probes replace neutral and threat stimuli with equal frequency. To modify attention, researchers alter the contingency between the location of probes and threat stimuli. For example, in order to guide attention away from threat stimuli, probes should always replace neutral stimuli.
While most CBM-A studies have used versions of the dot probe task, Dandeneau and colleagues developed a different CBM-A intervention based on a visual search task [44] . The task requires individuals to repeatedly identify the location of a smiling face among a matrix of angry faces. The task is designed to improve an individual's ability to inhibit attention toward rejection and facilitate attention toward acceptance. For both the dot probe and face in the crowd paradigms, completing hundreds of trials in which attention is repeatedly disengaged from threat stimuli is designed to reduce attention bias for threat. Cognitive theories predict that successful reduction of attention bias should decrease an individual's vulnerability to anxiety.
Analogue samples
To date, most research has tested whether CBM-A can modify attention and anxiety in nonanxious individuals. In analogue studies, participants are randomly assigned to an 'attend threat' condition, in which probes usually replace threat stimuli, or an 'attend neutral' condition, in which probes usually replace neutral or positive stimuli. Participants are not given any information about the study hypothesis or the purpose of the computer task. Study designs usually comprise of a single experimental session during which participants complete a pre-assessment of attention and anxiety, a training block comprising of hundreds of dot probe trials, a postassessment of attention and anxiety, a stressor (e.g., worry induction, anagram task or impromptu speech) and a poststressor assessment of anxiety ( Figure 2) . Thus, the typical study design assesses the direct effect of CBM-A on both attention and anxiety (e.g., post-training assessment), and on anxiety vulnerability in response to stress (e.g., poststressor assessment). Alternatively, rather than include a laboratory stressor, some studies have examined CBM-A's effects on the response to natural life stressors (e.g., telemarketer job performance [45] , final exams [45] and leaving one's home country for school [46] ).
Using these various designs, a number of studies have demonstrated that it is possible to induce an attention bias toward threat in nonanxious adults and children, similar to that observed in anxious individuals [47] [48] [49] [50] [51] . As expected, inducing an attention bias toward threat increased anxiety response to stressors compared with a condition that induces a neutral bias. For example, in the classic study by MacLeod et al., participants completed an anagram stress task following attention training [47] . They were told that their videotaped performance was unusually poor and would be used for demonstration purposes in psychology classes. In response to this stressor, participants in the neutral condition reported significantly less negative mood compared with the threat condition.
The evidence suggests that CBM-A does not appear to directly affect anxiety or mood, as groups do not differ on emotional measures directly after training. Rather, effects only emerge in response to stress, suggesting that CBM-A is altering cognitive vulnerability to anxiety, rather than manipulating mood. These findings suggest that cognitive biases play a causal role in anxiety vulnerability, further supporting attention bias as a treatment target.
Researchers have used similar designs to test whether CBM-A can affect attention in anxious samples (Table 1) . For ethical reasons, these studies do not typically induce a threat bias, but rather use a control group. Specifically, an 'attend neutral' condition is usually compared with a control condition, in which probes replace threat and neutral stimuli with equal frequency. Thus, the control condition is identical to the traditional dot probe task used to assess attention. One session of CBM-A has been found effective for modifying attention bias and anxiety in individuals with high anxiety/worry [52, 53] , public speaking anxiety [54] and OCD contamination fears [55] , but not spider fear [56] .
It is promising, and perhaps surprising, that a single, brief (less than 1 h) session of CBM-A affects cognitive processing and anxiety vulnerability. Given the potential clinical benefit of CBM-A, several studies have examined the effect of multisession CBM-A interventions on symptoms of anxiety. Repeated performance of the tasks is hypothesized to produce changes in attention that generalize to changes in attentional processes in an individual's real world and have a meaningful impact on anxiety. For example, See and colleagues administered 15 daily sessions of CBM-A that were delivered online in participants' homes [46] . Participants comprised of high school students preparing to move to a foreign country for college. Compared with a control group that had no training, CBM-A resulted in lower anxiety scores on moving day. Moreover, change in attention bias from baseline to postassessment (prior to moving day) mediated the relationship between group and change in anxiety state from baseline to moving day. Thus, CBM-A may buffer against negative emotional responses to life stressors in healthy individuals.
Multisession protocols have also been examined in highly anxious samples. Li and colleagues tested CBM-A in individuals with high social anxiety [57] . After seven daily sessions, the CBM-A group demonstrated a reduction in attention bias compared with a control group. However, only one out of three self-report measures revealed group differences in social anxiety symptoms. Another study administered five weekly sessions of CBM-A to high worriers, some of whom met diagnostic criteria for generalized anxiety disorder (GAD) [58] . Compared with a control condition, CBM-A resulted in significant reductions in attention bias and a composite, self-report anxiety and depression score.
Clinical samples
Given the promising findings in analogue samples, researchers have begun testing multisession CBM-A treatments for diagnosed anxiety disorders. To date, all studies have been double-blind, placebo-controlled trials. This is a unique methodological advantage over other psychosocial treatment trials, in which typically only assessors are unaware of participants' condition assignment. To date, three CBM-A treatment protocols have involved eight 15-30 min sessions completed twice per week (4 weeks total intervention duration). Participants did not receive any psychoeducation, treatment rationale or clinician contact.
Generalized social phobia-There have been two randomized controlled trials (RCTs) of CBM-A for individuals diagnosed with generalized social phobia (GSP). Schmidt and colleagues randomized 36 patients with GSP to CBM-A or placebo (traditional dot probe task) [59] . The dot probe task presented disgust and neutral faces. Groups began to diverge in social anxiety symptoms at post-treatment, and they were significantly different at a 4-month follow-up assessment on both clinician (Liebowitz Social Anxiety Scale) and selfreport measures (Social Phobia and Anxiety Inventory-Social Phobia Subscale). Betweengroup effect sizes (d = 0.35-0.41) fell in the lower end of the range of existing psychosocial and pharmacological treatments for GSP.
Amir and colleagues utilized the same CBM-A materials and protocol as Schmidt et al. and replicated the effects on social anxiety symptoms (between group effect sizes, d = 0.69-1.59), including maintenance of gains at 4-month follow-up [60] . Moreover, they included an independent measure of attention bias (i.e., spatial cueing task with words rather than the dot probe task with faces) and demonstrated that changes in attention generalized to a different measure of attention bias and to a different type of stimulus. Finally, it was demonstrated that changes in social anxiety were mediated by changes in attention bias.
Generalized anxiety disorder-To date, there has been one RCT of CBM-A for individuals diagnosed with GAD. Amir and colleagues randomized 29 treatment-seeking individuals with GAD to CBM-A or placebo [61] . Given the heterogeneity of worry domains in GAD, the dot probe task presented personalized stimuli rather than the typical standard stimuli across participants. To this end, participants rated the valence of words at pretreatment, and only those words rated most negatively (paired with neutral words) were used for each participant. Participants completing CBM-A reported less anxiety than the placebo group on both self-report (Spielberger State Trait Anxiety Inventory) and clinicianrated (Hamilton Anxiety Rating Scale) measures, but not on the Penn State Worry Questionnaire. Between-group effect sizes for changes in anxiety (d = 0.72-0.88) were in the range of existing treatments for GAD [62] . Results for effects on depression were mixed, with significant changes on the Beck Depression Inventory, but not the interviewer-rated Hamilton Rating Scale for Depression. Change in attention bias was found to mediate changes in anxiety, as measured by the Hamilton Anxiety Rating Scale. It is unclear for how long the effects lasted, as this study did not include a follow-up.
In summary, two independent trials testing CBM-A for GSP suggest that an eight-session protocol is efficacious in reducing symptoms and maintaining gains for at least 4 months.
One trial testing a personalized CBM-A for GAD suggests potential efficacy, but requires independent replication and follow-up data.
A recent meta-analysis provides further support for the clinical use of CBM-A. Hakamata and colleagues reviewed studies comparing CBM-A with a control condition [18] . Results revealed a medium effect size of CBM-A on anxiety overall (d = 0.61; CI = 0.42-0.81) with a larger effect specifically in clinical patients (d = 0.78; CI = 0.38-1.20). The double-blind, placebo-controlled design of all the studies suggests that current evidence is probably not due to group differences in demand effects, expectancy or credibility, and rather only reflects the manipulation of probe locations. Existing effect size estimates may potentially be enhanced given the lack of rationale provided to participants, lack of therapist contact and brevity of these initial protocols.
Cognitive bias modification -interpretation
The most commonly used cognitive bias modification for interpretation (CBM-I) task is the Mathews and Mackintosh scenario paradigm, which presents participants with three-line scenarios that remain ambiguous until the final word [63] . This final word is usually a fragment that resolves the ambiguity in either a negative or benign manner. Participants are asked to solve the fragment as quickly as possible:
"Your partner asks you to go to an anniversary dinner that their company is holding. You have not met any of their work colleagues before. Getting ready to go, you think that the new people you will meet will find you (boring/friendly)."
Participants then answer a comprehension question that reinforces the forced interpretation. A similar task uses ambiguous homographs (e.g., ruin) and word fragments (ancient vs bankrupt), rather than scenarios. In both versions of this task, the word fragments almost always resolve the scenarios/homographs in a benign manner to create a more benign interpretation style. Participants typically complete approximately 100 trials. Changes in interpretation are measured with a 'recognition task' that presents new scenarios that remain ambiguous. After reading these test scenarios, participants then rate the similarity of four sentences to the original scenario. One sentence represents a positive interpretation of the original scenario, and one represents a negative interpretation. In addition, in order to assess whether the task in fact modified interpretation rather than inducing a response bias, two foil sentences (one positive and one negative in valence) that are not possible interpretations of the original scenario are also rated.
Analogue findings
To date, more than ten experiments have demonstrated that it is possible to modify interpretation in healthy and anxious individuals using CBM-I and that the effects last for at least 24 h (Table 2 ) [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] . The effects of CBM-I on emotion are more complicated than in CBM-A. First, many studies have demonstrated that a benign training session, compared with a negative training session or control task, leads to differences in anxiety and mood [63, 66, 67, [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] . In contrast to CBM-A, CBM-I may have direct effects on emotion in addition to affecting emotional vulnerability. For example, in the classic study by Mathews and Mackintosh, multiple experiments demonstrated that participants completing a positive training session reported a reduced anxiety state immediately following training compared with a negative training session [63] .
On the other hand, several of these studies have demonstrated CBM-induced effects on emotion in response to a stressor task [66, 72, 77, [80] [81] [82] . For example, in a study by Wilson and colleagues, participants were trained to interpret homographs in either a threatening or benign manner [82] . Groups did not differ in anxiety immediately following training.
Following training, participants viewed video clips of accidents and rescue operations. Participants in the threat condition reported significantly increased anxiety from pre-to poststressor, whereas the neutral condition did not. Finally, at least two studies have not revealed CBM-I effects on anxiety [69, 83] .
At least four studies have tested multisession CBM-I protocols in double-blind, controlled trials. One study examined four sessions of CBM-I in adults with high trait anxiety [79] . Results revealed that 2 weeks of CBM-I resulted in more positive interpretations and reduced trait anxiety compared with a test-retest control. In a second study, adults with high trait anxiety completed eight daily sessions at home of either CBM-I or a placebo task [84] . Positive findings emerged for measures of state and trait anxiety, but not for social anxiety or stress vulnerability. A third study examined a multisession protocol in socially anxious children aged 10-11 years [72] . After completing three sessions over 1 week, children showed more positive interpretations and less social anxiety compared with a test-retest control.
A fourth multisession study [76] tested a different CBM-I task based on the Word Sentence Association Paradigm (WSAP) [28] . In that task, a word appears for 500 ms that represents either a negative interpretation (e.g., 'embarrassing') or a benign interpretation (e.g., 'funny') of an ambiguous sentence that follows (e.g., 'people laugh after something you said'). Participants indicate if they think the word and sentence are related or not. In order to modify interpretation, participants receive feedback about their responses. They receive positive feedback ('you are correct!') when they endorse benign interpretations or reject negative interpretations of the ambiguous sentences. They receive negative feedback ('you are incorrect') when they endorse negative interpretations or reject benign interpretations. This feedback contingency is intended to reinforce a benign interpretation bias and extinguish the negative interpretation bias associated with anxiety. After eight twice-weekly sessions, this CBM-I task successfully decreased negative interpretations, increased benign interpretations, and decreased social anxiety symptoms compared with the placebo condition. Moreover, changes in benign interpretation mediated CBM-I's effect on social anxiety.
Clinical findings
Testing of CBM-I in clinical samples lags behind that of CBM-A. To date, there are no published findings for multisession CBM-I treatments for diagnosed anxiety disorders. The clinical efficacy of CBM-I has only been examined in patients with GAD in a single-session experiment [77] . In that study, GAD patients completed both the scenario and homograph CBM-I tasks. After a single session, the benign group exhibited changes in interpretation on two different tasks compared with the control. Moreover, the benign group experienced fewer negative thought intrusions during a breathing focus task. In summary, data from the above study and several analogue studies suggest that CBM-I may have clinical utility. However, conclusions regarding the efficacy of CBM-I in clinical populations await data from future RCTs.
Safety & patient acceptability
No published studies specifically described any safety concerns or adverse events related to CBM. This is not surprising as one might assume that CBM would not cause any side effects or serious adverse events because it merely involves presenting people with stimuli they might see in everyday life. Attrition rates provide one source of data regarding acceptability. In the RCTs reviewed, dropouts were quite low, ranging from 0 to 8%. However, only one of these studies utilized the Consolidated Standards of Reporting Trials (CONSORT) flowchart [60] , and all studies provided participants with compensation for attending sessions. Thus, attrition rates should be interpreted in this context. We do not know the feasibility or acceptability of delivering CBM without monetary incentives or in the 'real world'.
Data regarding the credibility of CBM can be inferred from participants' guesses about their treatment condition. A few researchers asked participants at the end of the study whether they believed they completed a treatment or placebo protocol. In CBM-A, only one out of 18 participants (6% [59] ) correctly guessed that they received a treatment compared with six out of 13 (46% [76] ) in CBM-I. While CBM-I appears to be more face valid, a significant proportion of participants receiving either type of CBM believed they were receiving a placebo. Thus, although participants receiving CBM exhibited decreased anxiety symptoms compared with placebo, they were either not aware of these changes in anxiety, and/or they did not attribute these changes to CBM. This discrepancy is likely due to previous CBM protocols' lack of treatment rationale and the low face validity of CBM, particularly CBM-A. This lack of credibility suggests that CBM may require improvements before it will be widely accepted by stakeholders.
Preliminary unpublished studies that have explicitly assessed acceptability and satisfaction with CBM echo these concerns. Beard and colleagues have conducted two studies to examine attitudes toward CBM-A and CBM-I [85] . The first study comprised of qualitative interviews with ten anxious primary care patients. A follow-up study examined the feasibility and acceptability of a multisession CBM treatment in real-world settings. That randomized trial did not provide compensation for session attendance, provided a brief treatment rationale and delivered CBM in primary care clinics, as well as research offices. To date, 32 individuals with GSP have been assigned to either a combination CBM-A/CBM-I or placebo. For participants who attended at least one session, attrition rates (18.8%) were twice the rates of previous CBM trials, but within the range of existing treatments. Preliminary data from the Client Satisfaction Questionnaire (CSQ) suggest that CBM is acceptable to patients. Items on the CSQ are rated from 1 (dissatisfied) to 4 (satisfied). Participants' mean ratings for all items were three or greater (e.g., 'mostly satisfied').
Qualitative data from both studies revealed a range of experiences. Only two participants understood the purpose of the CBM-A task. Many participants experienced the CBM-A dot probe task as 'repetitive', 'weird' and 'confusing'. In particular, patients expressed the need to understand how the task was supposed to help with anxiety. This will be an important issue to resolve given that most previous studies have not provided any rationale to participants. Some participants found the faces in the CBM-A task to be 'creepy' and looked away from the computer monitor while the faces appeared, and other participants thought the faces were 'funny', 'exaggerated' and 'outdated'. Most participants preferred the CBM-I task and believed it improved their self-awareness of their negative mental habits and changed how they viewed situations in their daily life.
Most participants found the eight twice-weekly session schedule acceptable and would have even preferred 12 sessions. Interviews also revealed a desire for nonpharmaceutical treatment options and an interest in having a computerized treatment that is transportable and repeatable. In summary, preliminary data suggest that CBM is acceptable to patients, but also that there is room for improvement in the task stimuli, as well as treatment engagement and credibility. This will be an important area for future research, as it has direct implications for the dissemination of CBM.
Mechanism of action
Several studies have demonstrated that changes in the specific cognitive bias targeted by CBM mediated the relationship between group assignment and changes in anxiety symptoms [46, 52, 60, 61, 76, 86] . Recent studies also highlight the important role of attentional control in the expression of attention bias toward threat. Specifically, individual differences in the ability to control attention moderate the relationship between attention bias and anxiety, such that anxious individuals with good attentional control do not exhibit attention bias [87] . Thus, CBM-A may be improving attentional control overall, rather than targeting the stimulus-driven (bottom-up) components of attention bias toward threat. Supporting this hypothesis, Koster and colleagues found that CBM-A influenced late (1500 ms) rather than early (30 or 100 ms) stages of threat processing [88] . In addition, recent neuroimaging data revealed that CBM-A altered lateral frontal activation to emotional stimuli, reflecting controlled processing [48] . Further studies are needed to examine CBM-A's effect on behavioral (e.g., standard flanker task) and neuroimaging measures of attentional control.
Cognitive bias modification for interpretation studies have examined a number of potential processes underlying the scenario training task's effects. For example, researchers have demonstrated that CBM-I does not simply create a response bias consistent with the training condition [89] . Recent studies suggest that the repeated exposure to valenced stimuli in CBM-I may directly affect state anxiety, whereas changes in interpretation resulting from CBM-I may directly affect trait anxiety [90] . Importantly, changes in interpretation endure despite fluctuations in mood [71, 90] . Thus, changes in interpretation observed in CBM-I studies likely represent true changes in interpretation, rather than artifacts of changes in mood. In addition, studies have demonstrated that the active generation of interpretations (e.g., completing a word fragment) are necessary for changes in anxiety to occur [63, 91] . Finally, imagery probably plays an important role in the efficacy of CBM-I. A number of studies have demonstrated that encouraging participants to imagine themselves in the scenarios produces superior effects to more verbal-based instructions [92] .
Limitations of current evidence
Although the potential clinical utility of CBM is quite exciting, the existing data do not address a number of limitations. First, the majority of the evidence of CBM's effect on cognitive bias and anxiety relies on analogue samples and brief (one session) experiments. The field is in need of RCTs to test treatment protocols in clinical samples. A related issue is that all existing RCTs represent researchers' initial pilot studies rather than large-scale RCTs. Therefore, they comprise of relatively small samples (subject numbers ranging from 29 to 44). Effect sizes from small studies are unreliable [93] ; thus we await the results of larger, definitive trials. Moreover, with the exception of one study, none of the studies followed the CONSORT guidelines and most did not identify a primary outcome measure. It is commendable that some of these initial RCTs included a follow-up assessment. However, for the aforementioned reasons, more evidence regarding the duration of effects for such a brief treatment are also needed.
Second, few studies have included independent measures of cognitive bias. That is, most studies assessed changes in cognitive bias using the same type of task used to modify cognitive bias. Although this provides a necessary manipulation check and allows initial tests of mechanisms of action, it does not provide information about changes in cognitive processing beyond the confines of a particular paradigm. Of those studies that did include independent measures, results have been mixed regarding generalization of cognitive change, with some studies finding generalization (CBM-A [44, 45, 54, 60, 94] ; CBM-I [65, 71, 77, 79] ) and others not (CBM-A [95] ; CBM-I [74, 81, 84, 96] ). The lack of generalization found in some studies could suggest that CBM may not change cognition in real-world situations. Indeed, it is extremely difficult to measure an individual's attention and interpretive processes in the real world, and this has yet to be done in CBM studies.
However, findings that observed changes in cognitive bias in the laboratory mediate CBM's effect on clinical symptom severity and behavior provide some indication that cognitive changes may be generalizable to real-world situations. Clearly, more research is necessary to determine the boundaries of cognitive changes following CBM. Finally, data on patient acceptability and satisfaction with CBM are lacking. Although efforts are underway to address this gap, more researchers need to consider this important outcome in future endeavors.
Future directions
Cognitive bias modification research has grown exponentially since the first studies appeared approximately a decade ago and there is plenty of room for continued growth. To address the limitations of the current available data, we need CBM studies comprising of: first, large RCTs with intent-to-treat analyses, specified a priori primary outcomes and follow-up data; second, tests of proposed mediators and moderators; third, data on patient acceptability and satisfaction; and fourth, independent measures of attention and interpretation in order to examine the generalization of cognitive changes, including neural correlates. Including multiple behavioral and neural measures of cognitive processing may also provide information about whether CBM affects a genuine cognitive change or a conditioned response. Since the vast majority of CBM studies assessed cognitive changes with the same type of task used in training, it is impossible to know whether participants learned a task-specific response or if attention and interpretation processes genuinely changed.
In addition, there are a number of other important cognitive vulnerabilities in emotional disorders that may be targeted by CBM. For example, promising results have been found for modifying memory in depression [97] . In addition, Clerkin and Teachman developed a CBM-I for individuals with high OCD symptoms in which scenarios focused on pathological beliefs in OCD (e.g., need for control over thoughts, importance of thoughts and intolerance of uncertainty) [98] . Thus, scenarios focused on the interpretation of the meaning of an intrusive thought ('having this thought means I'm crazy/normal'), rather than the content of the thought. Such extensions of CBM-I may be adapted for other disorders with similar maladaptive beliefs, such as GAD. Researchers hoping to develop CBM-I tasks for clinical populations might consider approaches such as this in order to cause meaningful change to maladaptive cognitive processing, in addition to targeting the interpretation of specific situations. Future research will reveal whether it is possible to modify these additional cognitive processes in clinical populations, as well as whether targeting multiple vulnerabilities simultaneously is superior to targeting a single bias.
There are a number of issues involved in determining the ideal protocol. First, identifying both the ideal and minimum dosage schedule for therapeutic benefit will be important. Various multi-session protocols have been tested with positive results (e.g., daily vs weekly administration). However, only one protocol (eight sessions over 4 weeks) has been tested in clinical samples. These protocols produced effect sizes within the range of existing treatments in less time and with no clinician contact. It is possible that increasing the dosage of CBM may further enhance the magnitude of effects, but this hypothesis awaits testing.
Another interesting future direction will be development of new CBM paradigms or combinations of paradigms that may address the limitations of current CBM tasks (e.g., lack of generalization and low credibility). Although the dot probe task is the most commonly used CBM-A task, a number of studies have used a face in the crowd paradigm. In each of these tasks, acquiring an attention bias away from threat will facilitate performance. However, each task may be modifying different components of attention bias, and we do not know if one task is superior to another. Moreover, patients may prefer one task over the other. Similar issues exist in CBM-I, in which most studies have used the same scenario paradigm.
Questions also remain about the ideal stimuli. We do not know whether personalized stimuli are superior to standard stimuli sets. In addition, some studies have tested dynamic CBM protocols that begin with neutral stimuli and gradually become more positive over the course of several sessions [77] . Most multisession protocols presented the same stimuli in each session. It is unclear whether repeated practice with the same stimuli is superior to introducing new stimuli. The latter could potentially increase generalization of changes and patient engagement.
Future research may inform the treatment rationale provided to patients. It is currently unclear exactly what patients should be told regarding the purpose of CBM tasks and the task instructions. For example, Krebs et al. found that informing participants that the probe will always appear in the location of a particular type of word enhanced CBM-A's effects on attention and worry in nonanxious individuals [49] . However, MacLeod et al. found that providing explicit instructions diminished effects on anxiety [99] . In CBM-I, explicit instructions have typically not been provided. However, given the more explicit nature of these tasks, participants are very much aware that scenarios ended in either a positive or negative manner [69] . Moreover, participant knowledge of the scenarios' valence partially mediated the effect of training group on interpretation bias. Thus, it seems important to investigate how providing this explicit knowledge to participants prior to CBM-I may affect changes in interpretation and anxiety.
Finally, a principal future direction will be identifying appropriate therapeutic uses of CBM. Owing to CBM's unique features (e.g., standardized computerized delivery, no therapist contact, low demands on patients and brevity), there are a number of potential clinical uses. First, CBM has demonstrated promise as a stand-alone treatment for GSP and GAD. CBM as a stand-alone treatment would provide individuals with anxiety disorders with a new treatment option. Having more options may be beneficial for patients who do not respond to or cannot access current treatments, for patients or providers who find existing treatments unacceptable and for personalized medicine.
Cognitive bias modification may also have utility as an adjunctive intervention or as an option in stepped care treatment. It is possible that some patients may respond better to CBT if they also receive CBM. Should CBM improve attentional control, it may help patients better engage in exposures. It may assist those patients who get 'stuck' in cognitive restructuring by bypassing some of their automatic mental habits. Similarly, CBM could be an adjunct to pharmacotherapy. CBM may also prove useful in relapse prevention following treatment, as it directly targets cognitive vulnerabilities. Currently, we have no evidence regarding these potential uses of CBM, and future research examining CBM as adjunctive treatment is needed.
An exciting potential application of CBM is in prevention. Studies have already demonstrated that CBM can buffer healthy and at-risk individuals from stressful situations [45, 46] . Moreover, studies in children [68, 72, 73] and adolescents [100] demonstrate that cognitive biases are malleable in youth. At-risk children and adolescents are particularly important populations for CBM to target given that many anxiety disorders onset during this time. In addition, given that children and adolescent brains are developing, intervening during this period may enhance CBM's effects compared with attempting to modify longstanding mental habits in adults.
Another issue in determining the best uses of CBM involves dissemination. Several studies have demonstrated that CBM can be delivered at home using online programs, which would enhance the accessibility of treatment. However, at-home protocols have not been tested in clinical samples, which need more attention and clinical monitoring. Preliminary data suggest that while patients appreciate the convenience of an at-home treatment, they also recognize the benefits of coming to an office (e.g., quiet place, scheduled time and social interaction) [85] . Should CBM be disseminated as a self-help intervention in the home, it will be important to determine whether CBM is better (i.e., more efficacious, easier to use and more acceptable) compared with existing self-help interventions (bibliotherapy and computerized CBT).
Expert commentary
Attention and interpretation biases are important treatment targets in anxiety disorders. Although existing treatments affect cognitive biases, CBM offers an alternative approach. CBM-A has shown preliminary efficacy for GSP and GAD in double-blind, placebocontrolled trials. If the current effect sizes are proven to be reliable, CBM-A should be considered as a treatment option for these disorders. Although CBM-I has been tested in many analogue samples, data from clinical populations are lacking. With the limited data in mind, CBM is a promising intervention with multiple implementation possibilities. As CBM targets transdiagnostic mechanisms, it is consistent with recent pushes toward unified treatments for anxiety and other emotional disorders. There are numerous areas ripe for future research to advance the field regarding CBM's efficacy, acceptability, mechanisms of action and utility as an adjunctive or stand-alone treatment.
Five-year view
Cognitive bias modification will continue to grow exponentially, both as a basic experimental psychopathology paradigm and as a treatment. There are a number of ongoing clinical trials from which data will be available in the next 5 years. For example, Amir and colleagues in San Diego (CA, USA) are completing RCTs of CBM-A for GAD delivered at home, CBM-A for veterans with post-traumatic stress disorder, and CBM-I for GSP. BarHaim and colleagues will have data from their large randomized trial of CBM-A in children diagnosed with anxiety disorders. We will continue to see an extension of CBM to new anxiety populations (e.g., OCD), other psychiatric populations (e.g., addictions and eating disorders) and applied as a transdiagnostic treatment. Ongoing trials examining the combination of CBM with existing therapies (e.g., CBT) will provide important data about CBM's utility as an adjunctive treatment. The next several years will reveal initial data on personalizing CBM to the individual, in terms of ideographic stimuli, predictors of response (e.g., readiness to acquire a cognitive bias [101] , genetic matching and symptom severity) and treatment setting (e.g., primary care). Finally, CBM treatments will be made available directly to consumers. Indeed, one company recently began offering CBM-A software to consumers [201] . Participants first see a fixation cross (+), followed by two stimuli (e.g., one threat word and one neutral word) and finally a probe (the letter 'E' or 'F'). Δ: Group differences in expected direction; BAT: Behavioral Assessment Task; CBM: Cognitive bias modification; GAD: Generalized anxiety disorder; ITT: Intent-to-treat analyses (studies with 0% attrition are included in this category); OCD: Obsessive-compulsive disorder; Placebo control: Probe replaces threat stimulus on 50% of trials and probe replaces nonthreat stimulus on 50% of trials; PP:
Per protocol analyses (number of drop outs ranges from one to three); SP: Social phobia.
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